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INTRODUCTION
Bee pollen is an interesting and promising product from beekeeping. It is a mixture of flower pollen and nectar with bee excreta. This bee product was characterized as the source of free amino acids, proteins, fats, fatty acids, mono-and polysaccharides, antioxidants, vitamins and pigments. Chemical and biochemical composition of bee pollen depends mainly on its botanical origin, but also on the time of harvesting, soil and climatic conditions. (Bleha et al., 2015) . The term "bee bread" is reserved for the original bee pollen stored in the combs. The bee bread (or the perga) has already been processed by the bees for storage with the addition of various enzymes and honey, which subsequently ferments. This type of lactic acid fermentation is similar to that in yoghurts (and other fermented milk products) and renders the end product more digestible and enriched with new nutrients . Bee bread is a product of the hive obtained from pollen collected by bees, to which they added honey and digestive enzymes and subsequently stored in the combs, starting a lactic fermentation which gives it greater power conservation (Zuluaga et al., 2015) . The process of bee bread formative on starts with gathering of pollen, then a bee mixes it with flower nectar or honey and saliva, and carries to the beehive, where non flying bees fill the mixture into honey comb cells for the three quarters of the cell volume. An anaerobic lactic fermentation process takes place and bee bread is forming. Bee bread differs from pollen by lower pH (3.8-4.3), it contains less proteins and fats, but more carbohydrates and lactic acid (Mizrahi and Lensky, 2012) . The compressive properties of the perga are very rare. We interested with the uniaxial compressive test of the perga samples. Severa (2008) interested with the compression test of the fruits at the different strain rates which corresponded to the quasi -state loading. If the material exhibits viscoelastic behavior a Maxwell model with increasing modulus of elasticity can be considered as a simple so called explanatory model, which can explain the stress -strain curves (Csima et al., 2014) . Jambrec et al., (2015) applied compression test attachments by measuring textural properties of differently formulated commercial tagliatelle samples with TA.XT Plus texture analyser equipped with Ottawa and Mini Kramer cell. Dough load-extension tests were performed on a TA-HD plus texture analyzer (SMS, UK) using a Kieffer rig. Measured parameters were peak force or resistance to extension and the distance of extension at the point of peak force (Filipčev et al., 2013) . Rheological measurements of the dark chocolate were carried out at 40 °C using a controlled stress-strain rheometer (MCR 300, Physica/ Anton Paar, Ostfildern, Germany) equipped with a system of coaxial cylinders (CC27). The rheological behaviour of dark chocolate was analyzed in steady state and dynamic conditions. In steady state conditions, after a pre-shearing of 500 s at 5 s -1 , viscosity was measured increasing shear rate from 2 to 50 s -1 within 180 s (Glicerina et al., 2013) . Extensive test have shown that if the initial part of force-deformation curves of soft biological tissues are taken into consideration, the initial part of the curves are usually concaved towards the force axis. This is exactly opposite the force-deformation curves for polymeric materials which is usually convex towards the force axis (Mohsenin, 1986) . Sarvari and Malinen, (2006) interested with the numerical method for computing the relaxation modulus of a linearly viscoelastic material. The method is valid for relaxation tests where a constant strain rate is followed by a constant strain. The stress-strain uniaxial compression test shows the response of biomaterials to an externally applied force that deforms the body of the material, causing changes in dimension, shape, or volume. This test provides important information about elastic and plastic behaviour (Babić et al, 2013) . Babić et al., (2009) also interested in the realization of two mathematical models for apricot halves surface predicting, based upon fruit dimensions estimation. The ellipsoid was adopted as shape resemble to apricot fruit shape. The new rearranged ellipsoid model was assembled. The apricot halves surface area variety Novosadska rodna was predicted by measure only one fruit's dimension, the height.
The objectives of the study were aimed on the study of the perga cylinder samples. The samples of the perga have been tested at the different strain rates and the behaviour at the constant speed was compared with the behaviour at the different loading speeds. The experiments were performed at eighteen velocities from the 10 to 270 mm.min -1 in order to achieve the different strain rates. The influence of strain rate on the stress was studied. The moduli of elasticity were determined on the base of elastic Hook's theory.
MATERIAL AND METHOD
The samples of the perga from the different sorts of the plants were collected from the selected regions of Ukraine (Poltava and Dnepropetrovsk) and were taken from the combs by the new method (Velychko et al., 2012) . All samples of the perga were polyfloral. The samples had the cylindrical shape which was given by the shape of the comb cells. The perga was stored permanently at the temperature 4 °C -6 °C and the air humidity (40 -60) % in the refrigerator. The moisture of the perga samples was 14 %.
Statical compressive loading in the uniaxial direction was used for the perga samples testing. A testing machine Andilog Stentor 1000 (Andilog Technologies, Vitrolles, France) was employed for compression tests. The compression of perga samples between two parallel plates was realized (Fig. 1) .
Fig. 1. Compression test of the cylinder perga sample using parallel plates -uniaxial loading
The experiments were performed at eighteen velocities from the 10 to 270 mm.min -1 in order to achieve the different strain rates. The influence of strain rate on the stress was studied. The experiments were also realized at the loading speed 10 mm.min -1 for ten samples of the perga.The aim was to test the variability of measurements between the 18 different loading speeds with one sample and one speed for ten samples.The force F (N) and the compression D (m) were measured by the acquisition software RSIC ver. 4.06. The stresses and the strains were calculated as the rates of the mesured forces and the compressions by means of the sections and the length of the cylindrical samples. The loading curves of dependence of the stress on the strain were realized. The method based on the elastic theory and the Hook's law was used for determination of the moduli of elasticity. Values of moduli of elasticity were calculated as the slope of the linear part of the stress -strain curves on the base of regression method. The maximal values of the strain and the stress were determined from the maximums of the loading curves.
RESULTS AND DISCUSSION
The dependences of the stress on the strain, for first ten samples, when the loading speeds ranged from 10 mm.min -1 to 90 mm.min -1 are shown in Fig. 2 and when the loading speeds ranged from 100 mm.min -1 to 270 mm.min -1 are shown in Fig. 4 . The influence of the loading speeds on the stresses during the compression between two parallel plates are presented. The influence of the loading rate on the stress during compression was very small and unregular.The stress -strain curves were characterized by the peaks which reprezent the limit of the firmness of the cylinder perga samples.The parameters of the samples as loading speeds, strain rates, values of strains and stresses in the maximum of the compress curves and the moduli of elasticity are outlined in Table 1 and Table 2 . Determination of the moduli of elaticity as the slopes of the linear parts of the curves are presented in the Fig. 3 and Fig. 5 for two groups of loading speeds from the Fig. 2 and Fig. 4 . The influence of the strain rates and loading speeds were confirmed on the stresses and the strains in the maximum of the stress -strain curves, it means on the firmness of the perga samples by means of correlation method showed in the Table 3 .
Fig. 4. Compression diagrams -The influence of the loading speeds (from 100 mm.min -1 to 270 mm.min -1 ) on the stresses during the perga compression between two parallel plates
The good correlation was also confirmed between moduli of elasticity and the stresses in the maximum. Another correlations were not confirmed. The firmness of the perga cylinder samples at the loading speed ranged from 10 to 270 mm.min -1 ranged for the strains in maximum from 0.11 to 0.31 and for the stresses in the maximum from 44.98 kPa to 119.14 kPa. The moduli of elasticity at the loading speed ranged from 10 to 270 mm.min The obtained parameters are presented in the Table 4 . The firmness of the perga cylinder samples is presented by the mean values strain in maximum ε m =(0.194±0.021) and by the mean values of the stress in the maximum σ m =(50.192±4.766) kPa. The elasticity of the perga samples is presented by the mean value of the modulus of elasticity E=(474.604±68.515) kPa. Liu and Zhang (2004) interested with determination of mechanical properties of pollen grains.The mean rupture force was 1.20 ± 0.03 mN, and mean deformation at rupture was 22 ± 0.6 %. 
CONCLUSION
The loading curves of dependence of the stress on the strain were realized. The influence of the strain rates and loading speeds were confirmed on the stresses and the strains in the maximum of the stress -strain curves, it means on the firmness of the perga samples. The good correlation was also confirmed between moduli of elasticity and the stresses in the maximum. Another correlations were not confirmed. The firmness of the perga cylinder samples at the loading speed ranged from 10 to 270 mm.min -1 ranged for the strains in maximum from 0.11 to 0.31 and for the stresses in the maximum from 44.98 kPa to 119.14 kPa. The moduli of elasticity at the loading speed ranged from 10 to 270 mm.min -1 ranged from 379.07 kPa to 964.16 kPa. The firmness of the perga cylinder samples at the loading speed 10 mm.min 
